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ABSTRACT 


Tests  were  made  on  a  rigid  model  of  a  balloon  decelerator 
(Ballute)  positioned  at  various  axial  locations  in  the  wake  of  a  cone- 
cylinder  flare  model.  Pressure  data  were  obtained  on  the  Ballute 
model,  and  pressure  surveys  were  made  in  the  wake  of  the  cone- 
cylinder  flare  model.  The  tests  were  made  in  Tunnel  A  of  the  von 
Karman  Gas  Dynamics  Facility  at  Mach  numbers  from  1.5  to  6  and 
at  Reynolds  numbers,  based  on  the  parent  body  length,  from  1.  42  to 
2.  35  x  10G.  Pressure  distribution  data  on  the  Ballute  model  and  pitot 
pressure  survey  data  in  the  wake  are  presented. 
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Base  diameter  of  missile,  2  in. 

Maximum  diameter  of  decelerator  excluding  burble  fence,  7.  5  in. 

Axial  distance  aft  of  theoretical  nose  of  decelerator,  in. 

Free-stream  Mach  number 

Static  pressure  on  decelerator  surface,  psia 

Free-stream  total  pressure,  psia 

Pitot  pressure  measured  by  wake  survey  rake  probes,  psia 
Free-stream  static  pressure,  psia 

Reynolds  number,  based  on  parent  model  length  of  14.  23  in. 

Radial  distance  from  decelerator  centerline,  in, 

Free-stream  total  temperature,  °R 

Axial  distance  from  base  of  missile  to  decelerator,  in. 

(see  Fig.  2) 
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1.0  INTRODUCTION 


Teats  were  conducted  on  a  rigid  model  of  a  balloon  decelerator 
(Ballute)  positioned  at  various  longitudinal  stations  in  the  wake  of  a 
cone-cylinder  flare  model  simulating  a  missile  payload.  The  tests 
were  conducted  on  January  3  and  6,  1964,  in  the  40-in.  supersonic  tun¬ 
nel  (Gas  Dynamic  Wind  Tunnel,  Supersonic  (A))  of  the  von  Karman  Gas 
Dynamics  Facility  (VKF),  Arnold  Engineering  Development  Center 
(AEDC),  Air  Force  Systems  Command  (AFSC),  for  the  Goodyear  Air¬ 
craft  Corporation,  Akron,  Ohio,  and  were  sponsored  by  the  Air  Force 
Flight  Dynamics  Laboratory  (AFFDL),  AFSC. 

Pressure  measurements  on  the  decelerator  and  in  the  wake  of  the 
parent  body  just  ahead  of  the  decelerator  were  made  at  Mach  numbers 
from  1.  5  to  5  in  half  Mach  number  increments  and  at  Mach  number  6. 
The  Reynolds  number,  based  on  the  parent  body  length,  varied  from 
1.  38  x  10®  at  Mach  1. 5  and  0.  9  x  10®  at  Mach  2  up  to  2.  36  x  10®  at 
Mach  6. 

This  test  was  part  of  a  study  by  the  Goodyear  Aircraft  Corporation 
to  determine  the  feasibility  of  inflatable  balloon-type  drag  devices  for 
applications  such  as  first-stage  deceleration  of  emergency  escape  cap¬ 
sules,  booster  assemblies,  and  missile  components. 


2.0  APPARATUS 


2.1  WIND  TUNNEL 

Tunnel  A  (Fig.  1)  lb  a  continuous,  closed  circuit,  variable  density 
wind  tunnel  with  an  automatically  driven,  flexible  plate -type  nozzle. 
The  tunnel  operates  at  Mach  numbers  from  1.5  to  6  at  maximum  stag¬ 
nation  pressures  from  29  to  200  psia,  respectively,  and  stagnation 
temperatures  up  to  300°F  (M„  =  B).  Minimum  operating  pressures  are 
about  one -tenth  of  the  maximum  at  each  Mach  number.  A  complete 
description  of  the  tunnel  and  airflow  calibration  information  is  given  in 
Refs.  1  and  2. 


2.2  MODEL 

A  7.  5-in.  -diant  rigid  decelerator  model  (wood  construction)  and  a 
2- in.  -djnnt  missile  model  (aluminum)  were  supplied  by  the  Goodyear 
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Aircraft  Corporation  for  this  test.  A  sketch  of  the  models  is  shown  in 
Fig.  2  and  an  installation  photograph  in  Fig.  3.  The  decelerator  model 
was  sting  mounted  on  the  tunnel  sector  in  a  fixed  position,  and  the  mis¬ 
sile  was  attached  to  the  decelerator  by  a  telescoping  actuator  which 
provided  variation  of  the  separation  distance  between  the  missile  and 
decelerator  models.  This  actuator  was  manually  extended  or  collapsed 
by  a  push-pull  mechanism  consisting  of  a  piano  wire  attached  to  the 
forward  end  of  the  actuator  and  running  aft,  through  the  decelerator, 
out  of  the  tunnel.  Several  dummy  inlets  of  varying  geometry  were  built 
into  the  surface  of  the  decelerator  to  help  determine  the  optimum  loca¬ 
tion  and  configuration  for  the  inflating  inlets. 

The  decelerator  was  instrumented  with  two  rays  of  static  pressure 
orifices,  inlet  pressure  orifices,  a  pitot  rake,  and  a  wake  survey  rake. 
The  wake  rake  consisted  of  8  pitot  pressure  probes  and  2  static  pres¬ 
sure  probes.  General  arrangement  of  the  pressure  orifices  is  shown 
in  Fig,  2;  the  orifice  locations  are  included  in  the  figures  of  the  pres¬ 
sure  results.  The  primary  function  of  the  missile  model  was  to  create 
a  wake  for  the  decelerator;  hence,  this  model  was  not  instrumented. 


2.3  INSTRUMENTATION  AND  PRECISION  OF  MEASUREMENTS 

All  model  pressures  were  measured  with  the  Tunnel  A  pressure 
scanning  system  utilizing  1-  and  15-psid  transducers  referenced  to  a 
near  vacuum.  Each  transducer  was  calibrated  for  three  pressure  ranges 
to  give  full-scale  readings  of  0.  16,  0.  40,  and  1.  0  psia  for  the  1-paid 
transducers  and  2.  4,  6,  and  15  psia  for  the  15-psid  transducers.  The 
precision  of  measurement  for  the  system  is  considered  to  be  within 
1  percent  of  full  scale  for  each  calibrated  range.  The  tunnel  stagnation 
pressure  was  measured  with  15-,  30-,  60-,  or  150-psid  pressure 
transducers  which  were  referenced  to  a  near  vacuum.  These  trans¬ 
ducers  are  considered  to  have  a  precision  of  measurement  of  0.  1 -per¬ 
cent  full  scale.  The  Mach  number  distribution  within  a  12-in,  radius  of 
the  Tunnel  A  centerline  is  uniform  to  within  about  ±0.  5  percent. 


1.0  RESULTS  AND  DISCUSSION 


Data  were  taken  with  the  missile  removed  and  with  the  missile  at 
x/d  values  (separation  distance  to  missile  base  diameter)  of  6.  00,  7,12, 
9.  00,  11.  00,  and  12.  00  for  each  one -half  Mach  number  increment  from 
Mach  1.  5  to  5  and  at  Mach  6. 
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Figures  4  through  8  present  selected  results  showing  decelerator 
surface  pressure  distributions,  missile  wake  pitot  pressure  distribu¬ 
tion,  and  schlieren  photographs  at  Mach  numbers  2,  3,  4,  and  5.  In 
general,  data  are  presented  for  the  maximum  and  minimum  separation 
distances  and  with  the  missile  removed.  Data  for  intermediate  separa¬ 
tion  distances  are  presented  only  where  significant  changes  in  the 
decelerator  flow  field  occurred.  Pressure  distributions  are  presented 
for  only  one  of  the  surface  static  pressure  rays  since  both  rayB  showed 
essentially  the  same  variation. 

Figure  4  shows  that  the  decelerator  pressure  distributions  are 
similar  throughout  the  range  of  separation  distance  tested,  and  the 
schlieren  photographs  of  this  figure  show  that  the  missile  wake  is  con¬ 
vergent  throughout  this  range.  The  decelerator  pressures  reflect  the 
low  energy  flow  of  the  missile  wake  by  a  surface  pressure  deficit  over 
the  forward  portion  of  the  decelerator  and  a  decrease  in  the  pitot  pres¬ 
sures  of  the  wake  survey  rake  as  the  decelerator  centerline  is  ap¬ 
proached.  This  pressure  distribution  is  typical  for  the  convergent 
missile  wake,  although,  in  this  instance,  the  surface  pressure  decrease 
on  the  missile  nose  and  the  nonuniformity  of  the  pitot  pressure  is  appar¬ 
ently  accentuated  by  the  shock  wave  standing  just  ahead  of,  and  im¬ 
pinging  on,  the  survey  rake.  The  effect  of  this  shock  wave  can  be  seen 
more  clearly  at  Mach  4  (Fig,  6). 

Figure  5  shows  that  the  decelerator  flow  field  at  Mach  3  remains, 
as  at  Mach  2,  relatively  unchanged  throughout  the  range  of  separation 
distance  tested,  and  the  schlieren  photographs  indicate  a  convergent 
wake.  The  pressure  distributions  Hhow  the  same  general  character¬ 
istics  seen  at  Mach  2;  however,  the  pitot  pressure  profiles  are  con¬ 
siderably  more  uniform  than  at  Mach  2  because  the  shock  wave  just 
ahead  of  the  decelerator  is  aft  of  the  wake  probe. 

The  decelerator  flow  field  at  Mach  4  is  shown  by  Fig,  6  to  be  more 
varied  than  at  Mach  numbers  2  and  3.  At  the  minimum  separation 
distance  (x/d  =  G,  00),  the  schlieren  photograph  shows  a  divergent  mis¬ 
sile  wake.  Both  the  surface  static  and  wake  pitot  pressure  distributions 
reflect  this  condition  by  a  large  pressure  decrease  when  compared  to 
the  convergent  wake  (x/d  =  7.  12)  and  decelerator  alone  conditions.  At 
x/d  *  9.00,  a  strong  shock  wave  is  standing  in  front  of  the  decelerator 
and  Impinges  upon  the  wake  pitot  probe  rake;  the  pressure  distributions 
reflect  this  condition  by  the  decreased  pressures  discussed  earlier  with 
regard  to  the  Mach  2  data.  It  is  interesting  to  note  that  this  shock  wave 
appears  only  at  x/d  =  9.  00  and  not  at  the  closer  separation  distance 
x/d  =  7. 12. 
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Figure  7  shows  that  the  divergent  wake  conditions  seen  at  Mach  4 
are  not  present  at  Mach  5.  The  closed  wake,  which  is  shown  by  the 
schlieren  photographs  at  the  maximum  and  minimum  separation  dis¬ 
tances,  occurred  at  all  missile  positions  tested.  This  congruity  of  the 
flow  conditions  is  also  reflected  in  the  similarity  of  the  pressure  distri¬ 
butions  at  the  maximum  and  minimum  x/d  values. 

Figure  8  shows  that  at  Mach  6  the  separation  distance  had  a  definite 
effect  on  the  decelerator  flow  field.  At  x/d  values  between  6.00  and  9.00, 
both  the  schlieren  photographs  and  the  pressure  distribution  show  that 
the  missile  wake  is  divergent,  while  at  x/d  =  11.  00  and  12.  00,  the  wake 
is  convergent.  The  schlieren  photograph  for  x/d  *  6  also  shows  that 
the  flow  is  separated  over  most  of  the  missile  at  this  condition. 


4.0  CONCLUSIONS 


The  following  results  were  obtained  from  tests  of  a  rigid  model  of 
a  balloon  decelerator  in  the  wake  of  a  flared  cone  cylinder. 

1.  The  decelerator  pressures  reflect  the  low  energy  flow  of 
the  missile  wake  by  a  pressure  deficit  when  the  data  taken 
in  the  presence  of  the  missile  are  compared  to  data  taken 
with  the  decelerator  alone. 

2.  For  this  particular  system  of  missile,  decelerator,  and 
free-stream  flow  conditions,  the  missile  wake  remained 
convergent  for  all  separation  distances  tested  (x/d  *  C.  00 
to  12.  00)  at  Mach  numbers  2,  3,  and  5.  At  Mach  4  the 
missile  wake  diverged  at  x/d  =  6.  00  but  converged  at  the 
larger  separation  distances.  At  Mach  6  the  wake  diverged 
at  separation  distances  of  x/d  =  9.  00  or  less, 
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Fig*  2  Concluded 


Installotion  Phofcgraph 


Fig.  5  Decelerator  Pressure  Distribution,  Much  3 


Fig.  6  Decelerate*  Pressure  Distribution,  Mach  4 


Fig-  7  Decelerator  Pressure  Distribution,  Mach  5 
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